The incidence of nasal cancer (all histological types considered together) was significantly higher in male boot and shoe operatives in Northamptonshire than in males of all occupational classes in the Cancer Register areas selected for comparison and in males working in other occupations in Northamptonshire. The excess incidence has recently given rise to the occurrence of between 1 and 2 new cases per annum in the Northamptonshire boot and shoe industry.
The incidence of nasal cancer (all histological types considered together) was significantly higher in male boot and shoe operatives in Northamptonshire than in males of all occupational classes in the Cancer Register areas selected for comparison and in males working in other occupations in Northamptonshire. The excess incidence has recently given rise to the occurrence of between 1 and 2 new cases per annum in the Northamptonshire boot and shoe industry.
The cases within the Northamptonshire industry occurred almost entirely in the relatively small number of workers who are exposed to the dust of the materials used in the manufacture of footwear.
Possibly there are two carcinogenic factors in the industry-one related to the production of nasal adenocarcinoma, and the other to squamous and possibly other types of carcinoma in the nasal cavity and sinuses. This requires further study. Our best estimate of the latent period for the adenocarcinoma cases was 54.6 years, which is substantially longer than for the patients with squamous, transitional, and anaplastic tumours (41-7 years). We have no evidence to answer the question whether the facts are still present in the industrial environment, though undoubtedly the standards of hygiene in the industry has improved substantially since these men were first exposed.
There is probably an increased risk of nasal adenocarcinoma in the footwear repairing industry, but this requires further study. Our evidence suggests that snuff taking should be considered as a possible contributory factor in both industrial and non-industrial nasal cancer.
A survey of the footwear manufacturing and repairing industry is recommended regarding cancer of the respiratory tract. Further attempts should be made to minimize the, inhalation of dust. The case for the prescription of nasal cancer in the footwear industry should be considered.
Introduction
In the course of an analysis of nasal cancer, as it has affected workers in the furniture industry in the Oxford Regional Hospital Board area in recent years, an aggregation of cases was noted in Northamptonshire. This paper reports a detailed survey of nasal cancer in Northamptonshire and gives evidence which suggests that there may be an association between cancer of this site and work in the boot and shoe industry.
Material and Method Means of Ascertainment
The material consists principally of two groups of cases of carcinoma of the nasal cavity and accessory sinuses occurring in persons resident in Northamptonshire. Group 1 consists of 46 patients in whom the diagnosis was made during the years 1953-67. As the degree of ascertainment of cases during these years is thought to have been high this material is used in the computation of incidence rates, using the 1961 census as the denominator. Group 2 consists of all other patients ascertained in the same area who were diagnosed either before 1 January 1953 or after 31 December 1967. The means of ascertainment used were different in the two groups. In addition to these two groups of cases brief mention is made of nine present or past workers in the footwear industry and two other persons in industrial contact with leather who have developed nasal cancer and whose cases have been ascertained from other parts of England.
The source of the cases in group 1 was the Oxford Cancer register, which was established in 1951. The high standard of ascertainment of this register has been remarked on elsewhere (Acheson, Cowdell, Hadfield, and Macbeth, 1968 Table I . We are grateful to Dr. G. Hill, senior medical statistician at the General Register Office, for these estimates, which are used in the calculation of incidence rates. 
Verfication of the Histological Material
As in the previous paper, an attempt was made to obtain and review all the histological material. Slides for 39 (64%) of the 61 cases finally accepted were located and examined. In group 1 30 of the 46 accepted cases were reviewed; in group 2 9 of the 15 accepted cases were reviewed. In addition, six other cases previously classified as carcinomas of this site were rejected following the review.
It should be stressed that the material was reviewed without knowledge of the patient's occupation. If two instances where the original material was unclassified are excluded, the reviewer agreed with the original classification in 27 (73%) of the 37 cases compared. This proportion is slightly lower than that found in the previous paper (82%). The proportion of agreements varies with the histological type of tumour. The term "adenocarcinoma" was used to describe the appearances on one or more occasions in 15 patients, and there wa's agreement between the observers in 11. The term "squamous" was used to describe the appearances once or more in 17 of the patients whose material was examined twice, with agreement in 14. Both these terms therefore seem relatively reliable. On the other hand, the term "transitional" was used once or more regarding nine patients, but there was agreement on only two occasions.
The principal difference between the classifications lies, therefore, in the use of the term "transitional." This term was used on four occasions in the material as it was originally ascertained, but according to the reviewer's reclassification there were 10 instances of this tumour, including two previously unclassified.
In view of the differences between the two classifications the question arose of which should be used for the purposes of the analysis. The second classification has been chosen because it is consistent with the previous paper, but the main conclusions can be shown with either. Table  III . Overall there is an excess of males in the proportion of 1-8 to 1. The sex ratio for adenocarcinoma cases is marginally higher than for the other types but the difference is not significant. This contrasts with the situation in the southern part of the Oxford Region, where 33 of the 36 adenocarcinomas reported occurred in males (Acheson et al., 1968) . employed as such at the time the tumour was diagnosed, or in the case of patients who were over 65 at diagnosis if they were employed as boot and shoe workers at the time they retired from full-time work. As only 17% of the male population aged 15 or over (see Table I ) in Northamptonshire are active or retired boot and shoe workers* there is a prima facie case for an excess of cases in these trades.
The argument has been taken a step further in Incidence Rates
The crude average annual incidence rates per million for carcinoma of nasal cavity and sinuses in Northamptonshire during the period 1953-67 were as follows. All histological types: males 9 9, females 5 5, both sexes 7-7; squamous carcinoma: males 5 1, females 2-3, both sexes 3-7; adenocarcinoma: males 3-4, females 1-0, both sexes 2 2. No material differences in incidence rate were found between Northampton County Borough and the Administrative County.
Occupation
Group 1 of the Northamptonshire cases (males only), which represents a collection of the material from the whole population over the period 1953-67, is displayed in Table V (7) 7 (7) 3 (1) - (2) 17 (17) Other Trades 7 (7) 3*(2)
11 ( 1) Not Known 3 x 10-3 6 x 10-3 2 x 10-4 6 x 10-8 2 x 10-3 1 x 10-2 5 x 10-2 5 x 10-2 tumour was diagnosed or at the time they retired from active work. There were two such male patients in group 1, both of whom had adenocarcinomas (Cases 1010 and 1052). In addition, 2 of the 17 women in group 1 had been boot and shoe operatives before marriage (Cases 1008 and 1026 No information is provided in the census about the numbers of workers in the various jobs within the boot and shoe industry. It was possible, however, to obtain approximate data from the Shoe and Allied Trades Research Association. The operatives working in the two departments particularly exposed to dust comprise a small minority of the total and probably contribute only about 20% of the skilled labour force. The fact that 85% of the classifiable cases occurred in this minority is strongly suggestive of a causal association with dust.
Squamous
Trans. & Anap. In the course of a survey in which an attempt is being made to ascertain all nasal adenocarcinomas diagnosed in England and Wales since 1961 (to be published), five cases have been found in the boot and shoe repairing industry (Cases 1080-1083, and 1086) and one in the boot and shoe manufacturing industry in Somerset (Case 1087).
Three cases of nasal squamous carcinoma have also been found in present or past boot and shoe operatives outside Northamptonshire. One occurred in a man who worked as a shoe finisher and a shoe factory cleaner in Norfolk (Case 1085), and another has been found (Case 1084) in a boot and shoe operative in Somerset who also worked for a time in a bakehouse (see Appendix). The third case of squamous carcinoma (Case 1088) has been ascertained in a man who worked for four years as a boot and shoe operative in East Anglia and spent the remainder of his working life as a tram and bus driver.
According to the Report of the Inspector of Factories (Ministry of Labour, 1966) there were about 10,000 boot and shce repairers in England and Wales. This means that the crude average annual incidence of adenocarcinoma of the nasal cavity and sinuses in this group was about 008 per 1,000 over the period 1961-6. This is likely to be an underestimate, as no systematic survey of the footwear-repairing industry has yet been undertaken. When it is borne in mind that in the Southern Register areas the crude average annual incidence of nasal adenocarcinoma in males of all occupational groups is 0 0008 per 1,000 (Table VII) it appears that there is a prima facie case for an occupational risk of this tumour in the footwearrepairing industry in addition to the manufacturing industry. Men working in the footwear-repairing industry often work in small shops and dusty conditions.
The histories of two patients with occupations other than in the footwear industry involving contact with leather (Cases 1089 and 1090) are also reported briefly. The significance of these is at present uncertain. In the absence of any information about the identity of the supposed carcinogenic factor or factors in the industrial environment of the boot and shoe manufacturing industry and the date of its introduction, the least arbitrary assumption in estimating the latent period is that exposure began on entry to the industry. The year of entry to the industry is known in 19 of the 26 Northamptonshire patients who were boot and shoe operatives. In the remaining seven it has been assumed that the patient entered the industry on leaving school at the age of 14, and the date is shown in parentheses in the Appendix.
The latent periods distributed by decade and histological type are shown in Table XI with adenocarcinoma tended to enter the industry before patients with the other types of tumour (Table XII) . On the other hand, -the distribution of year of diagnosis over the period studied (Table IX) is similar. These differences in the temporal pattern of the two groups of cases are shown in the Figure. They suggest that the aetiology of adenocarcinoma in the boot and shoe industry may differ from that of the other nasal tumours. (Cases 1048 (Cases , 1010 (Cases , 1003 (Cases , 1012 (Cases , 1011 (Cases , 1049 (Cases , 1052 (Cases , and 1008 and two of the others (Cases 1070, squamous, and 1026, anaplastic) are known to have left the industry some years before the diagnosis of the tumour. In two of these the period of exposure was less than five years. If these cases are used and note is taken of the patients who entered the industry most recently and subsequently developed a tumour, it is possible to estimate minimum time limits for the presence of the carcinogen in the industrial environment. In the case of adenocarcinoma the factor may have been present in Northamptonshire at least as early as the last decade of the last century and was still present about 1920. One of the adenocarcinomas arising in the bootrepairing trade outside Northamptonshire occurred in a man entering the industry about 1928 (Case 1086). Tumours in the other histological group have arisen in men entering the industry in the 1930s.
Possible Aetiological Agents Outside the Industry
Two other trades appear more than once in the occupational histories. Three Northamptonshire patients-Case 1005 (adenocarcinoma) and Cases 1054 and 1032 (transitional cell carcinomas)-worked in the baking and confectionary business. Another boot and shoe worker from outside the area with a squamous carcinoma (Case 1084) worked in a bakehouse for an unknown period. The occupational histories of two other patients who worked in the bakery business have already been published (Acheson et al., 1968) . One of these (Case 008 in that series) was also a chairmaker and had an adenocarcinoma. The other (Case 205) worked as a baker's assistant for six years and later developed a transitional cell carcinoma. In addition we know of three further cases (not shown in the Appendix) of nasal adenocarcinoma, two in bakers' assistants and one in a miller, in persons exposed to flour. The possibility that the inhalation of flour may be associated with a risk of nasal cancer is being studied further.
Case 3002 (transitional cell carcinoma) was a cardboard box maker and Case 1058 (transitional cell carcinoma) was the wife of a commercial traveller in the cardboard box making industry.
Tobacco Snuff
In view of the finding in our previous survey that 3 out of 11 woodworkers with adenocarcinoma of the nasal cavity in whom the appropriate information could be obtained had been snuff takers, an attempt was made to obtain information on this habit in as many cases as possible. The results are set out in Table XIII . Of the 26 patients from whom information could be trade. Three of the adenocarcinoma patients from outside Northamptonshire were also habitual snuff takers (Cases 1082 (Cases , 1084 (Cases , and 1090 . In the last case it is not certain whether the snuff contained tobacco. It seems therefore that snuff taking should be given further consideration as a contributory factor in the aetiology of nasal cancer.
Discussion
Two independent lines of evidence are described in this paper which suggest an association between cancer of the nasal cavity and sinuses and dust in the boot and shoe industry. The first involves a comparison between the incidence of nasal cancer in males in the Southern Register areas and the incidence in male boot and shoe workers in Northamptonshire. A second standard of comparison is the incidence of males employed in other occupations in Northamptonshire. In each comparison statistically significant differences in incidence rate were found between the boot and shoe operatives and the other groups in the 15-64 age group, the men over 65, and in men of all ages. It is only fair to point out, however, that there may be substantial errors (which might operate in either direction) in the estimates of the size and age structure of the population of boot and shoe operatives.
In theory the difference between the incidence in Northamptonshire boot and shoe operatives and the average male incidence in the Southern Register areas could be due to inadequate ascertainment of cases there. In fact, however, the average annual incidence per million for all age and occupational groups together in the two populations is very closely similar (Northamptonshire 1953-67: males 9 9, females 5 5; Southern Register areas 1961-5: males 8-5, females 5-1). Bias in case finding between the areas is unlikely, therefore, to account for the high incidence found in boot and shoe operatives.
The second line of evidence pointing to an association between an environmental hazard in the industry and nasal cancer lies in the distribution of the cases in the press and preparation rooms, where the materials are cut out and trimmed, and in the finishing room, where the bottom and heel of the shoes are scoured. On the whole, workers in the closing, making, and lasting rooms and in the shoe room are not exposed to dust. According to the Shoe and Allied Trades Research Association the operations which have been particularly dusty in the past have been as follows: sorting leather in the rough stuff room; revolution press operating; insole surface scouring, heelbuilding; heel and sole trimming and scouring. The fact that 17 of the 20 patients of whom there is information were engaged in one or other of these procedures, which together involve only about one-fifth of the workers, is very suggestive of a causal association with dust.
The appearance in a survey undertaken with different objectives, of a cluster of cases of nasal adenocarcinoma in shoe repairers, gives a further line of support for the hypothesis of a carcinogen present in the dust of material used in the manufacturing of footwear.
A precise estimate of incidence in the Northamptonshire industry is impossible in view of the small number of cases and other difficulties set out above. If the 17 male patients in group 1 with nasal cancer of all histological types who were boot and shoe operatives at the time of diagnosis or on retirement are taken, and related to the estimated population of 15,660 men in these categories (Table I) , the average annual incidence is 0-07 (+002) per 1,000. At least 11 of these men (including five with adenocarcinoma) worked in preparation or finishing departments. As we now have reason to believe that only a minority of the male workers have been engaged in these operations the incidence of nasal cancer in this restricted group will be considerably higher. A survey of the industry to assess more precisely the numbers of workers exposed to dust seems desirable.
Significance of Histological Type of Tumour
The evidence suggests that there has been a relatively greater increase in the incidence of adenocarcinoma than in that of squamous carcinoma of the nasal cavity and sinuses (Table VI) A further interesting feature is that the average latent period of adenocarcinoma in woodworkers in the furniture industry is significantly shorter than for adenocarcinoma in this industry (39 8 years as opposed to 54 6 years).
Nature of the Hazards
The composition of the dusts in boot and shoe factories has varied considerably with the materials used in the manufacture of footwear both from factory to factory and over the period studied. The principal materials used until the last decade were leather, rubber, shoe fibreboard (made of a mixture of wood and leather fibres, the former derived principally from waste paper), and to a lesser extent cork. In recent years plastic materials have been introduced. The presence of wood fibres in fibreboard used in building up soles and heels provides a possible link with adenocarcinoma in furniture workers. Another possible link lies in the vegetable infusions from wood, bark, fruit, leaves, galls, etc., used in tanning leather for soles and heels.
A number of dyes are used in the preparation of fibreboard and are therefore likely to have been present in small quantities in the dust of some shoe factories. Of these dyes, chrysoidine has been found to induce hepatomas in mice and is forbidden for use in foods (Malolepszy, 1963; Richter, 1963) . It does not necessarily follow from the animal work that it is carcinogenic in man. It would seem advisable, however, to find a substitute for this dye if it is still in use, and to investigate the properties of the other dyes used in fibreboard.
Bronchial carcinoma is known to occur in some workers in the chromates-producing industry (Bidstrup and Case, 1956) . Calcium chromate has been found to be a potent carcinogen for the subcutaneous tissues of the rat (Roe and Carter, 1969) . Since the latter part of the nineteenth century chromate salts have been used in the tanning of leather mainly for the upper parts of boots and shoes. In general the operations involving leather for uppers are much less dusty than those involving heels and soles, and are unlikely to be a factor.
The association of dusts from organic materials (wood, leather, and possibly wheat) with nasal cancer, particularly nasal adenocarcinoma, also raises the possibility that carcinogenic metabolites of moulds or fungi might be relevant in this connexion, as they have been shown to be in hepatic and other cancers in animals (Schoental, 1967 
